Abstract: The Oldowan site HWK EE (Olduvai Gorge, Tanzania) has yielded a large fossil and stone tool assemblage at the transition from Lower to Middle Bed II, ca. 1.7 million years ago. Integrated tooth wear and stable isotope analyses were applied on the three most abundant ungulate taxa from HWK EE, namely Alcelaphini, cf. Antidorcas recki (Antilopini) and Equus oldowayensis (Equini) to infer dietary traits in each taxon. Some paleodietary changes were observed for cf. Antidorcas recki and Equus oldowayensis based on tooth wear at the transition from the Lemuta to the Lower Augitic Sands (LAS) interval within the HWK EE sequence. Stable carbon and oxygen isotope data show no significant changes in bulk diet or hydroclimate between the Lemuta and LAS intervals. The combined tooth wear and stable isotope data suggest similar paleoecological conditions across the two HWK EE intervals, but that differences in vegetation consumed among ungulates may have resulted in changes in dietary niches. Integrating tooth wear and stable isotope analyses permits the characterization of ungulate diets and habitats at HWK EE where C4 dominated and minor mixed C3-C4 habitats were present. Our results provide a better understanding of the paleoenvironmental conditions of the Lemuta and LAS intervals. The LAS assemblage was mostly accumulated during relatively dry periods at Olduvai Gorge when grasses were not as readily available and grazing animals may have been more nutritionally-stressed than during the formation of the Lemuta assemblage. This helps to contextualize variations in hominin and carnivore feeding behavior observed from the faunal assemblages produced during the two main occupations of the site. Integrating tooth wear and stable isotope analyses permits the characterization of ungulate diets and habitats at HWK EE where C 4 dominated and minor mixed C 3 -C 4 habitats were present. Our results provide a better understanding of the paleoenvironmental conditions of the Lemuta and LAS intervals. The LAS assemblage was mostly accumulated during relatively dry periods at Olduvai Gorge when grasses were not as readily available and grazing animals may have been more nutritionallystressed than during the formation of the Lemuta assemblage. This helps to contextualize variations in hominin and carnivore feeding behavior observed from the faunal assemblages produced during the two main occupations of the site.
Introduction

Recent excavations at Henrietta Wilfrida Korongo East East (HWK EE) by the
Olduvai Geochronology Archaeology Project (OGAP), combined with Mary Leakey's original unpublished collections, together yield a remarkable assemblage of stone tools and faunal remains that are critical for understanding hominin habitat and behavior during the late Oldowan to Acheulean technological transition (de la Torre et al, this volume; de la Torre and Mora, this volume; Pante et al., this volume, Pante and de la Torre, this volume) . In that regard, reconstructing the dietary behavior of ungulates at HWK EE provides data on any paleoecological change associated with the transition at this site.
The objectives of this paper are (1) to detect dietary shifts between two main stratigraphic intervals preserved at the site, namely the Lemuta Member and the Lower Augitic Sandstone (LAS), (2) to characterize seasonal patterns in the dietary intake of the most common herbivores in these two stratigraphic intervals. To achieve the first objective, we analyzed the paleodiet, through tooth mesowear and microwear and stable isotope analysis of tooth enamel of the most abundant taxa at HWK EE: Alcelaphini, cf.
Antidorcas recki and Equus oldowayensis.
For the second objective, we assessed two aspects of seasonality. First, we examined variability in microwear within a population from a species or tribe to assess whether the fossil assemblage derives from a single event, or a seasonal or longer term accumulation. Second, we used intratooth stable isotope analyses to evaluate seasonal changes in diet and hydroclimate.
Although stable isotopes are widely used to study dietary changes in various areas in the Plio-Pleistocene of East Africa (e.g., Bibi et al., 2013; Cerling et al., 2015; Kingston and Harrison, 2007) , tooth wear studies on ungulate communities are still scarce, whether for microwear or mesowear. Most work to date has focused on specific taxa in South Africa (Boisserie and Merceron, 2011; Franz-Odendaal et al., 2003; FranzOdendaal and Solounias, 2004; Kaiser and Franz-Odendaal, 2004; Merceron and Ungar, 2005; Peter et al., 2016; Schubert et al., 2006; Stynder, 2009; Stynder, 2011; Ungar et al., 2007) or Central Africa (Blondel et al., 2010) .
The combination of three dietary proxies, namely microwear, mesowear, and stable isotopes, provides data on three different timescales within the lifetime of an animal.
Tooth microwear reflects the diet of the last days or week of life (Grine, 1986) , mesowear indicates the last weeks or months (Fortelius and Solounias, 2000) , and carbon and oxygen isotopes in tooth enamel reflect an animal's diet over the period of tooth formation (Kohn and Cerling, 2002) . Development of the permanent dentition in ungulates usually occurs during the first 1 to 5 years of life (e.g., Brown et al., 1960; Hoppe et al., 2004) . Discrepancies resulting from the integration of these three dietary proxies are usually due to changes in diets across the different timescales recorded by each proxy (Ecker et al., 2013; Marín Leyva et al., 2013; Mayte et al., 2016; Sánchez-Hernández et al., 2016) . This is the first study to combine tooth wear (both mesowear and microwear) and stable isotope approaches to the archaeological record at Olduvai Gorge.
Material and methods
Material
The HWK EE archaeological site is located in the Junction Area of Olduvai Gorge, stratigraphically positioned in the transitional interval from Lower to Middle Bed II (de la Torre et al, this volume; Stanistreet et al, this volume) , and is dated to circa 1.7 million years ago (McHenry et al., 2016; McHenry, this volume) (Fig. 1) . Teeth analyzed in this paper include specimens from the Leakey assemblage (Pante and de la Torre, this volume) and from the new excavations at the HWK EE site (de la Torre et al, this volume) .
Recent fieldwork at HWK EE has distinguished three main stratigraphic intervals, namely (from bottom up) Lemuta, Lower Augitic Sandstone (LAS) and Tuff IIB (see Figure 1 ). The Lemuta member, which contains fluvial and lacustrine sediments, is separated from the upper intervals by a significant disconformity (see details in Stanistreet et al, this volume) , after which fluvial deposits dominate the sequence of LAS and the Tuff IIB interval. Site formation processes at HWK EE are complex and most of the archaeological units are interpreted as palimpsests comprised of multiple accumulation episodes, including human, carnivore, and abiotic agents (de la Torre et al, this volume).
In this study, we selected the taxa present both in the Lemuta and the LAS stratigraphic intervals with significant dental sample sizes for tooth wear analyses (Table 1) , i.e. cf. Antidorcas recki (N = 10), Alcelaphini (N = 43) and Equus oldowayensis (N = 13). Data on other ungulates present at HWK EE, which were also sampled for tooth wear analyses, are discussed by Uno et al. (this volume) . Dietary traits of these three taxa are examined through tooth mesowear and microwear analyses.
We also present stable carbon and oxygen isotope data from fossil teeth sampled from the Lemuta and LAS stratigraphic intervals. As with the tooth wear analyses, we focus on the same three abundant taxa (Alcelaphini, cf. Antidorcas recki, and Equus oldowayensis), but also present additional stable isotope data from a wide range of mammalian taxa that include Bovidae (additional tribes: Hippotragini, Reduncini, and Tragelaphini), Cercopithecidae, Deinotheriidae, Giraffidae, Hippopotamidae, Hyaenidae, Rhinocerotidae, and Suidae. The number of samples analyzed for each taxon in the Lemuta and the LAS intervals are given in Table 2 .
Tooth mesowear analysis
Mesowear analysis, first introduced by Fortelius and Solounias (2000) , is a method of categorizing the gross dental wear of ungulate molars by evaluating the relief and sharpness of cusp apices in ways that are correlated with the level of abrasiveness in a species' diet. Mesowear is scored macroscopically from the buccal side of upper molars, preferably the paracone of M2 (Fortelius and Solounias, 2000) . A diet with low levels of abrasion (high attrition) maintains sharpened apices on the buccal cusps as the tooth wears. In contrast, high levels of abrasion, associated with a diet of siliceous grass, results in more rounded and blunted buccal cusp apices. Cusp sharpness is sensitive to ontogeny among young individuals (which have not yet developed substantial wear facets) and among dentally senescent individuals. However, for intermediate age groups, mesowear is found to be less sensitive to age and more strongly related to diet . Unworn (and marginally worn) teeth, extremely worn teeth, and those with broken or damaged cusp apices, are omitted from mesowear analysis. In this study, the standardized method introduced by Mihlbachler et al. (2011) is employed.
The method is based on seven cusp categories (numbered from 0 to 6), ranging in shape from high and sharp (stage 0) to completely blunt with no relief (stage 6). The average value of the mesowear data from a single sample of fossil dentitions corresponds to the 'mesowear score' or MWS (Mihlbachler et al., 2011) . Dental mesowear analysis was conducted by a single experienced researcher (FR) to reduce inter-observer error, following the recommendations of Loffredo and DeSantis (2014) .
Tooth microwear analysis
Microwear features of dental enamel were examined using a stereomicroscope on high-resolution epoxy casts of teeth following the cleaning, molding, casting, and examination protocol developed by Solounias and Semprebon (2002) and Semprebon et al. (2004) . This low-magnification microwear technique has been questioned in relation to repeatability and inter-observer error (DeSantis et al., 2013; Mihlbachler et al., 2012 ).
Such problems may arise when observers are not properly trained in the microwear method or when comparing data that were collected by different researchers. To avoid this problem, in the present study all the data were collected by a single experienced observer (FR).
The occlusal surface of each specimen was cleaned using acetone and then 96% alcohol. The surface was molded using high-resolution silicone (vinylpolysiloxane) and casts were created using clear epoxy resin. All casts were carefully screened under the stereomicroscope. Those with badly preserved enamel or taphonomic defects (features with unusual morphology and size, or fresh features made during the collecting process or during storage) were removed from the analysis, following King et al. (1999) . Casts were observed under incident light with a Zeiss Stemi 2000C stereomicroscope at 35× magnification, using the refractive properties of the transparent cast to reveal microfeatures on the enamel. Microwear scars (i.e., elongated scratches and rounded pits) were quantified on the paracone of the upper teeth in a square area of 0.16 mm 2 using an ocular reticule. We used the classification of Solounias and Semprebon (2002) and Semprebon et al. (2004) which basically distinguishes pits and scratches. Pits are microwear scars that are circular or sub-circular in outline and thus have approximately similar widths and lengths, while scratches are elongated microfeatures that are not merely longer than they are wide, but have straight, parallel sides. Using average scratch and pit data, it is possible to discriminate between the dietary categories of leaf browser (i.e., eating woody and non-woody dicotyledonous plants), grazer (i.e., eating grass), and mixed feeders.
Finally, following Rivals et al. (2015) , two measurements of variability of scratch density, namely the standard deviation (SD) and the coefficient of variation (CV) are 
Stable isotope analysis
Stable carbon and oxygen isotope ratios of tooth enamel are determined by an animal's diet and body water, respectively, and can therefore be used to reconstruct herbivore diets, ecosystem vegetation, and local hydroclimate (e.g., Kingston and Harrison, 2007; Levin et al., 2006; Uno et al., 2011; Van der Merwe, 2013) . Tooth enamel carbon isotopes ratios of large herbivores reflect the proportion of C 3 to C 4 vegetation in their diet during the time in which the tooth formed. Oxygen isotopes in enamel are primarily controlled by the isotope ratio of precipitation but also influenced by food water; plant water; evaporative processes in soils, plants, and water sources; and animal physiology (Kohn et al., 1996; Levin et al., 2006; Luz et al., 1984) . The fidelity of stable isotopes in fossil enamel is well established. Enamel was shown be resistant to isotopic alteration over geologic timescales based on modelling studies (Wang and Cerling, 1994) . The C 3 dietary signal from the teeth of known browsers (i.e., Giraffa and Deinotheriium) and a C 4 signal from known grazers (e.g., Equidae) from the same fossil site supports the preservation of the primary diet signal in carbon isotopes (Kingston, 2011) . Evidence for the preservation of oxygen isotopes in fossil enamel comes from the consistently low values of hippo enamel relative to other taxa, which is a result of their semi-aquatic lifestyle (Bocherens et al., 1996) . pathway, or Hatch-Slack cycle (Cerling and Harris, 1999; Livingstone and Clayton, 1980; Tieszen et al., 1979; Young and Young, 1983 (Cerling et al., 2003a) .
We establish end-member  13 C values in tooth enamel ( 13 C enamel ) for C 3 and C 4 diets using estimated atmospheric  13 C value of −6.7 ‰ and published values for the enrichment in 13 C between diet and tooth enamel (+14.1 ‰). A detailed description of the procedure is found in Uno et al. (this volume) .
Using these values, we calculate C 3 and C 4 end member enamel values of −11.9 ± 4 ‰ and +2.8 ± 2 ‰, respectively, where uncertainty reflects the range of variability in the  13 C values of C 3 and C 4 vegetation in the region today. These end member values are applied to a mixing model to calculate the percentage of C 4 vegetation in an animal's diet, where
and  13 C enamel is the measured value in tooth enamel, and  13 C C3 and  13 C C4 are the end member values listed above. We propagate the uncertainty in both the dietary end member values (±4 and ±2 ‰) and in the analytical procedure (± 0.1 ‰), which results in uncertainties of 12 to 30 %. Uncertainties in %C 4 in diet are higher towards the C 4 end of the continuum. We define C 3 -dominated diets as those with  We serially sampled a single Equus oldowayensis tooth from the Lemuta interval to evaluate seasonality of diet and hydroclimate. Although limited to a single sample, the intratooth isotope profile provides an important snapshot of diet and body water over ~1
to 3 years of time that the tooth formed (Hoppe et al., 2004) . To ameliorate blurring of the isotope signal recorded in the tooth due to enamel maturation and sampling geometry, we apply the inverse model developed by Passey et al. (2005) to reconstruct the primary input signal. A comprehensive description of the sampling methods and inverse modeling are given in Uno et al. (this issue) . The inverse modeling approach of Passey et al. (2005) assumes constant growth of the tooth, which we realize is likely not the case in determinant ungulate molars (Bendrey et al., 2015; Zazzo et al., 2012) .
Detailed methods for tooth sampling (serial and bulk), enamel pretreatment, and analysis on an isotope ratio mass spectrometer (IRMS) are provided in Uno et al. (this volume) . Briefly, 1 to 5 mg of powdered enamel was pretreated with a weak oxidizer followed by buffered acetic acid, then ~0.5 mg of powder was analyzed on a dual inlet Thermo Delta V+ IRMS via acid hydrolysis on a Kiel IV (70°C; 10-minute reaction time).
2.5.Statistics
The chi-square test was used to test for differences in the prevervation of the microwear patterns between Lemuta and LAS intervals. ANOVA and Tukey's HSD test permitted to test for differences in numbers of pits and scratches among the three taxa from the Lemuta and LAS intervals. The Mann-Whitney U test (equivalent to the Wilcoxon test) was employed to compare carbon and oxygen isotope distributions between Lemuta and LAS intervals for all taxa, the three most abundant (Alcelaphini, cf. Antidorcas recki, and Equus oldowayensis), and just the Alcelaphini. For all test, significance level was set to p = 0.05.
Results
Tooth wear results
All tooth mesowear and microwear data are given in Table S1 .
Preservation of tooth microwear
The preservation of microwear on the enamel surface of ungulate teeth from HWK EE is very good. As reported from the taphonomic analysis (Pante et al., this volume; de la Torre et al., this volume) , bone preservation is also generally very good and the majority of bones in both intervals do not exceed Behrensmeyer's (1978) weathering stage 1, suggesting rapid burial. Preservation of microwear patterns is slightly higher in the LAS assemblage (80% of the 55 teeth sampled) than in the Lemuta (72% of the 54 teeth sampled), but a chi-square test (p = 0.34, X 2 = 0.91, d.f. = 1) shows these differences to be insignificant.
Diachronic changes from Lemuta to LAS stratigraphic intervals
Mesowear scores (MWS), which register the dietary signal on a timescale of several weeks to months (Fortelius and Solounias, 2000) , Regarding tooth microwear, the actual numbers of microwear features, numbers of scratches (NS) and numbers of pits (NP), do not show significant variation between the two stratigraphic intervals, except for cf. Antidorcas recki (Fig. 2B-C) . Cf. Antidorcas recki shows a significant decrease both in the numbers of scratches and pits from Lemuta to LAS (Table 3) , corresponding to a decrease in the proportion of grass in the diet, as previously reported for the mesowear data. The differences reported for Equus oldowayensis and the Alcelaphini between the two stratigraphic intervals are not significant ( Table 3) .
The bivariate plot of average pits and scratches values show the intermediate position of the Alcelaphini and Equus oldowayensis between the extant leaf browser and grazer ecospaces (Fig. 3) . There are no significant differences within these taxa when comparing Lemuta and LAS specimens ( Table 3) . In contrast, cf. Antidorcas recki shows significant differences both in the numbers of pits and scratches between the Lemuta and LAS intervals (Fig. 3, Table 3 ). Cf. Antidorcas recki from the LAS plots close to the leaf browser ecospace, while those from the Lemuta have a higher number of scratches. Moreover on Fig. 3 , Lemuta cf. Antidorcas recki plots above the extant grazers due to a higher number of pits. In general, tooth microwear results for all taxa in the Lemuta suggest mixed feeding and grazing, while at LAS they suggest mixed feeding and browsing.
Variability in dietary signal and seasonality established from tooth wear
The analysis of variability in the microwear signal through the coefficient of variation (CV) and the standard deviation (SD) on the numbers of scratches is used here to characterize seasonality in the accumulation of the ungulate assemblages in Lemuta and LAS stratigraphic intervals ( Table 1, Fig. 4 ). The combination of these two measurements of variation (CV and SD) was reported to discriminate seasonal events based on the duration of the accumulation (Rivals et al., 2015) .
Unfortunately, the data on Alcelaphini are not conclusive, neither for the LAS nor for the Lemuta, because the two samples fall on the boundary between zones [A] and
[B] (Fig. 4) , i.e. in the area where the probability is too high to provide a significant differentiation between the two assemblages (p > 0.05). It is not possible to conclude if the accumulation of the Alcelaphini remains preserves a seasonal signal or not.
The samples of cf. Antidorcas recki from the LAS and the Lemuta plot in area [B] of the graph (Fig. 4) . This area corresponds to long-term accumulation i.e., one or more events spanning more than a single season.
The samples of Equus oldowayensis from the Lemuta plot in area [A],
corresponding to seasonal accumulation events, while the sample from the LAS falls on the boundary between zones (Fig. 4) . For the LAS assemblage, it is not possible to conclude if the accumulation of Equus oldowayensis spans several seasons or occurs every time at the same season. For the Lemuta, the assemblage definitely corresponds to population(s) that died during short events (a single season or less) but occurring every time at the same season.
Equus oldowayensis and cf. Antidorcas recki plot in two different areas of the graph, independently of the stratigraphic context. Consequently, there is no specific pattern related to each stratigraphic interval. In these two intervals, the equids suggest an accumulation during a shorter time frame than cf. Antidorcas recki, probably related to differences in seasonal availability of the two species in the surroundings of the site.
Stable isotope results
Tooth enamel analyzed from the Lemuta (n = 34) and the LAS (n = 24) intervals indicate the majority of large mammals had C 4 -dominated diets, with few exceptions. In Table 4 , we provide summary statistics of the carbon and oxygen isotope data from all taxa from both intervals. All isotope data and calculated %C 4 values are given in Table   S2 . We use the median and the range of values to describe the sample populations because diets are derived from a non-normal (i.e., bimodal) distribution of C 3 and C 4 dietary resources. As such, we use a non-parametric statistical test to assess differences in the distributions between the Lemuta and the LAS intervals. Results from a MannWhitney U test illustrate no significant differences in 
Stable isotope results of Alcelaphini, cf. Antidorcas recki, and Equus oldowayensis
Summary statistics from the three most abundant Lemuta and LAS taxa, the Alcelaphini, cf. Antidorcas recki, and Equus oldowayensis, are given in Table 6 . The  13 C and  18 O data for these three taxa from both stratigraphic intervals are plotted together in Figure 6 . The carbon isotope data suggest stable diets between intervals, although sample sizes are small, particularly for E. oldowayensis in the LAS (n = 2) and cf. Antidorcas recki (n = 3 for both intervals Results from the E. oldowayensis intratooth profile, both measured and modeled, are shown in Figure 5 and given in Table S3 . The modeled  13 C values range from −2.3 to +2.1 ‰, corresponding to dietary inputs ranging seasonally from 66 ± 26 % (1) to 97 ± 19 % C 4 (Table S3) . Thus, the modeled data indicate that seasonally, the equid sampled had a C 4 -dominated to a mixed C 3 -C 4 diet. Seasonal shifts are also evident in body water based on the range of modeled  18 O values (−2.1 to +1.6 ‰).
Discussion
Food resources and habitats of three ungulate clades from the LAS and the Lemuta intervals at HWK EE were investigated through three independent proxies, carbon and oxygen stable isotopes, tooth mesowear, and tooth microwear. Reconstructed diets from the different proxies are summarized in Table 7 .
Food resources and habitats at HWK EE
For the Antilopini, the  13 C values are suggestive of a range of browsing, mixed feeding, and grazing from the six individuals analyzed (three per interval), with a dietary range of 20 to 99 % C 4 vegetation from both intervals ( Table 3 ). These 
Variability in diets among ungulates and seasonality
The multiproxy analysis of the Alcelaphini, cf. Antidorcas recki, and Equus oldowayensis in two stratigraphic intervals from HWK EE reveals differences in terms of dietary traits for the most abundant herbivores (as previously described in section 4.1). The lower range of mesowear values in the Lemuta compared to the LAS suggests diets based on types of plants of very different abrasiveness during the LAS interval.
However, in the Lemuta there are significant differences in terms of pits and/or scratches among some taxa, while microwear values (scratches and pits) in the LAS are not significantly different for the three taxa ( Table 2 ). Considering that microwear is more sensitive to seasonal variations than mesowear (Davis and Pineda 2016, Sánchez-Hernández et al. 2016) , this opposite trend between the two units could suggest more marked seasonality in the Lemuta than in the LAS. Nonetheless, the palimpsest character of the deposits, which is particularly evident in the LAS (de la Torre et al, this volume), may also be contributing to mask potential seasonal episodes in the formation of the assemblage. In the single intratooth isotope profile on the Lemuta equid specimen, carbon isotopes indicate seasonal changes in diet (66 to 99 %C 4 ), while the nearly 4 ‰ range in  18 O suggests relatively strong seasonality of precipitation ( Figure   6 ). Based on the growth rates of equid teeth (Hoppe et al., 2004) , the seasonal change in the  18 O value from the Lemuta equid tooth suggest a single annual rainy season.
In the Lemuta, Equus oldowayensis and Alcelaphini fed on similar resources, as indicated by similar isotopic and mesowear values. Nevertheless, even if they belong to the same dietary guild, these animals could eat different suites of grass species. In the LAS, mesowear shows clear differences in dietary traits, suggesting the three taxa were around the HWK EE site during the same season and exploited different vegetal resources.
As the ungulate community is habitat-dependent, the vegetation available must support the various ecological niches for the ungulates adapted to particular vegetal resources. Most of the ungulates from HWK EE are found to be mainly grazers or mixed-feeders (Equus oldowayensis and Alcelaphini), and few of them browsers or browse-dominated mixed feeders (cf. Antidorcas recki from the LAS). The latter were probably feeding on browse if resources available during the LAS time were limited.
Alternately, browse was in low supply during Lemuta times, so A. recki may have been 'forced' to graze more then. Equus oldowayensis and Alcelaphini seem to occupy a grazing niche both in the Lemuta and the LAS, while cf. Antidorcas recki appears to shift its niche from grazing in the Lemuta to more browsing in the LAS. Alternately, as stated above, the Lemuta assemblage represents a shorter duration of accumulation time, such as a single season over many years, while the LAS represents a more varied seasonal signal over a longer duration. This would explain the higher variation of the wear data in A. recki in the LAS.
Both mesowear and microwear detect differences among species as well as diachronic changes through the HWK EE sequence. Trends reported for the two proxies are consistent in all taxa, i.e., values are shifting in the same direction both for mesowear and microwear (Figs. 2 and 3) . However, depending on the taxa, the direction of these shifts, when significant, are different, i.e., shifting toward more grazing or more browsing.
For the Alcelaphini, both mesowear and microwear analyses yield consistent results.
Tooth mesowear does not show significant change between the two stratigraphic intervals. The microwear pattern shows that Alcelaphini are classified among the extant mixed feeders, and indicate a slight increase in leaf browsing from the Lemuta to the LAS. However, in this case it is not possible to determine if they were seasonal mixedfeeders or not. The analysis of variability in the microwear pattern did not allow any conclusion about the seasonality for the Alcelaphini. Nevertheless, it was observed that the mesowear signal is stable and only microwear is changing. Considering that microwear is more sensitive to seasonality than mesowear (Davis and Pineda 2016, Sánchez-Hernández et al. 2016) , it is probable that the difference is due to subtle variations in diet at the time of death.
For cf. Antidorcas recki, the trend observed with mesowear and microwear is the same reported for the Alcelaphini. However, the two methods are reporting highly significant differences in the results i.e., a significant increase in leaf browsing from the Lemuta to the LAS. As observed for the Alcelaphini, the microwear data are providing more extreme dietary habits than mesowear. As reported before, this discrepancy between mesowear and microwear should be linked to seasonal differences (Sánchez-Hernández et al. 2016) . Considering that the remains probably accumulated over a long timescale (certainly more than a single season), the results suggest the seasons of accumulation are different (or with a slight overlap) between the two stratigraphic intervals: seasons with diet based on grass in the Lemuta, and seasons with diet mainly based on browse in the LAS.
For the equid Equus oldowayensis, the mesowear trend is opposite to those previously reported for cf. Antidorcas recki and the Alcelaphini. (Pante et al., this volume) suggest that carcasses acquired by hominins during the Lemuta interval were processed more extensively by both hominins and carnivores. The results for the LAS, which suggest that bone marrow may not have been exploited to its full potential during this interval, are consistent with carnivore consumption of nutritionally-stressed animals in the modern Serengeti ecosystem where carnivores were shown to incompletely ravage the fat-and grease-depleted bones of these carcasses resulting in lower tooth mark frequencies and more limb bone epiphyses relative to shaft fragments (Blumenschine and Marean, 1993) . Together the feeding trace data, along with the microwear results that show a greater browsing component in the diets of the sampled bovids during the LAS, may indicate that the LAS assemblage was mostly accumulated during relatively dry periods at Olduvai when grasses were not as readily available and grazing animals may have been more nutritionally-stressed.
Conclusions
Tooth wear analyses on the most abundant ungulates from HWK EE reveal differences in dietary traits between the Lemuta and the LAS intervals likely corresponding to seasonal differences in the period of death of these animals in each stratigraphic interval. The lack of change in the distribution of carbon and oxygen isotope distributions between the Lemuta and the LAS indicate that there were not major dietary changes among herbivores or hydroclimatic change during this time.
Furthermore, the carbon stable isotope data demonstrate that vegetation during Middle
Bed II times was able to support the entire range of C 3 to C 4 diets, but that C 4 -dominated diets were most prevalent among the large herbivores analyzed in this study.
The tooth wear results prove useful for disentangling the palimpsest character of the HWK EE assemblage, whose archaeo-stratigraphic architecture points to the existence of multiple accumulation events, which are generally jumbled together within successive archaeological units. As indicated by tooth wear analyses, these multiple accumulation events probably occurred seasonally, mostly during dry periods in the case of the LAS assemblage. [single column figure] Tables Table 3. ANOVA and Tukey's HSD test results. Abbreviations: df = degrees of freedom; SS = sum of squares; MS = mean square; An = cf. Antidorcas recki; Al = Alcelaphini; Eq = Equus oldowayensis.
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